The activities of both streptothricin and streptomycin are affected by substances and physical conditions that apparently do not affect these compounds per se. Foster and Woodruff (1943) noted that the presence of phosphates, some other salts, and sugars in test media decreased the activity of streptothricin.
Similar observations with regard to streptomycin were presented by Waksman and Schatz (1945) . Foster and Woodruff (1943) concluded that phosphates and sugars caused the observed interference through effects on pH, since it was also found that raising the pH of the medium increased the streptothricin activity and vice versa. They concluded that only the undissociated free base of this antibiotic was active, hence the increased activity at a higher pH. Since streptomycin responded similarly to pH changes (Waksman and Schatz, 1945) , presumably one might apply the same deductions in this case. Abraham and Duthie (1946) , on the other hand, suggested the possibility of bacterial cell surface changes accompanying change in pH and posed the question of whether there might not be competition at the surface between hydrogen ions and the cations of dissociated streptomycin, hence the lower antibiotic activity at lower pH's.
In reporting the interfering action of sugars on streptomycin activity, Waksman and Schatz (1945) observed that such effects were probably caused by pH changes in the medium, but they also discussed the possibility of the reducing role played by sugars. Later, Geiger, Green, and Waksman (1946) concluded that the effects of sugars were after all caused by pH changes, since glucose was found to have no effect on streptomycin in the presence of a glycine buffer. This conclusion was questioned by Donovick and Rake (1946) because increased glucose oncentrations, under the conditions of the test, did not lead to a lower pH but did decrease the activity of the antibiotic. In addition, the degree of glucose effect varied with the concentration of tryptone in the medium.
The explanation for the effects of salts other than phosphates on the action of streptomycin remains equally obscure. Berkman, Henry, iand Housewright (1947) stated that the capacity of various salts to cause this interference was a function of the salt concentration. They reported little interference by salts at concentrations below 0.5 per cent. This antagonism was not due to stimulation of the growth of the test organism by the change of salt concentration.
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They included several species of microorganisms and six different salts in their studies, and concluded that the results with all salts were alike, differences being only quantitative.
These authors proposed two possible explanations for the antagonism of salts to streptomycin action: interaction between salt and streptomycin, or theresult of an interaction of salt and bacteria. They were unable to demonstrate any interaction between streptomycin and the salts studied. As to the possible nature of the interaction between salts and bacteria, no proposals were extended.
Another possible explanation for the action of salts, as well as one for a mode of action of streptomycin, was brought forward by Cohen (1946 Cohen ( , 1947 , who found that desoxyribonucleic acid (DNA) was precipitated by streptomycin and that this precipitate was caused to dissociate by the addition of salts. Since bacteria contain DNA, it was thought that perhaps streptomycin interfered with some normal cell functions through such precipitation. This action of streptomycin on DNA and its reversal by salts was confirmed by Berkman et al. (1947) .
A different approach to the question of the interference by certain salts on the antibiotic activity of streptomycin was taken by Green (1947) . This author reported that salts of pyruvic, fumaric, succinic, formic, malic, and maleic acids all interfered with the action of this antibiotic, whereas lactate, acetate, propionate, glycerophosphate, as well as glycerol and lactose, had no antagonizing effect. This work was in line with the thought that the mode of action of streptomycin was in some way tied to the oxidative mechanisms of susceptible microorganisms. (Since this aspect of possible modes of action of streptomycin is outside the scope of the present paper, the literature dealing with it is not reviewed here. See Geiger, Green, and Waksman, 1946; Bondi, Dietz, and Spaulding, 1946; Donovick and Rake, 1946;  etc.) Organic salts such as Green found to interfere with streptomycin action were thought to counteract the action of streptomycin by supplying some necessary intermediates in carbohydrate metabolism that are blocked by streptomycin.
The mode, or modes, of action of streptomycin and other antibiotic substances has attracted the attention of many laboratories, and numerous approaches to the problem have been chosen. The manner in which electrolytes affect the action of streptomycin was felt in this laboratory to offer an interesting point of attack on the problem. Relatively little is known about the effects of electrolytes on bacteria. The literature on this subject is tremendous, and no attempt can be made here to cover it. Porter (1946) provides a selected bibliography on this complex subject. Falk (1923) The trihydrochloride of highly purified streptomycin A1 (Fried and Titus, 1947 ) was used throughout the work described. To establish the minimal inhibiting concentration of streptomycin in the various media employed, the procedure was that described previously (Donovick and Rake, 1946 A Cohen (1946 A Cohen ( , 1947 has described the precipitation of desoxyribonucleic acid by streptomycin. Further he has shown that streptomycin also precipitates bacteriophage Ts-F, which is rich in DNA. Other pertinent points brought out in these publications are that desoxyribonuclease (DNase) depolymerizes the DNA present in this bacteriophage with a consequent decrease in viscosity but without inactivation of the bacterial virus. Streptomycin, on the other hand, precipitates the desoxyribonucleic acid and also inactivates the bacteriophage. Hence the possibility was presented that streptomycin acts through such precipitation. The description of the dissociation of streptomycin-DNA precipitates by salts (Cohen, 1946 (Cohen, , 1947 Berkman et al., 1947) These findings at once reveal an interesting contrast between the manner in which phosphate and hydrogen ions affect the DNA-streptomycin precipitation system as compared to the streptomycin-growth-inhibiting system. Since in the former system the concentrations of DNA and streptomycin were held constant, it was necessary, for purposes of comparison, to pick from figure 1, shown earlier, similar data. In the bacterial system the microorganisms themselves were the only source of DNA, and as the inoculum was kept constant in all cases, this criterion had been met. In order to obtain data for the effect of phosphate and hydrogen ions on the bacterial system at constant streptomycin concentrations, however, extrapolation from the curves in figure 1 was necessary in some cases. For this comparison the point at which each pH-phosphate curve crosses the M.I.C. line of 0.4 micrograms per ml in figure 1 was determined, extrapolating where necessary. Although a certain amount of error is involved in this procedure, considering the nature of the curves involved, it was felt that the relative values thus derived were valid. The data thus obtained and those shown in the foregoing table are plotted in figure 3 .
It is evident that increasing the pH, which increases the antibiotic activity of streptomycin, causes an increase in the concentration of phosphate required to prevent the antibacterial action of streptomycin. On the other hand, a similar increase in pH in the DNA-streptomycin precipitation system causes a decrease in the amount of phosphate required to prevent precipitation. This point of difference having been established, it was of interest to compare how various other ions behave in the two systems described. nitrate, and potassium chloride, the relative action of the salts is similar in both systems. However, there are also cases of marked differences of behavior. In the DNA-streptomycin precipitation system, for example, no distinction is evident between the relative actions of sodium sulfate and calcium chloride, whereas in the prevention of the inhibition of bacterial growth the latter salt is twice as active as the former.
Of further interest are the differences in behavior of some of the salts of organic acids in the two systems, especially sodium citrate. One wonders whether the relatively low activity of such salts in their ability to interfere with the growth- t Tested at pH 6.8.
inhibiting action of streptomycin may be due to the utilization of the anion by the bacteria. Preliminary tests on this point were conducted in a synthetic medium in which sodium lactate is ordinarily the sole source of carbon (Cohen, 1947) . This medium contains 1 g of NH4Cl, 0.7 g of K2HPO4, 0.3 g of KH2PO4, 0.1 g of Na2SO4, 0.01 g of MgSO4, and 10 g of sodium lactate per liter of distilled water.
The strain of K. pneumoniae used throughout these studies grows readily in this medium at least through 10 transfers.
To test the utilization of organic acid salts other than lactate, media were prepared in which 0.09 and 0.18 M sodium acetate, ammonium acetate, sodium pyruvate, sodium tartrate, and sodium citrate, respectively, were substituted for sodium lactate. Ten ml of each of these media were inoculated with 0.1 ml of an overnight culture grown in the synthetic lactate medium. Each of these cultures was then incubated for 1 week at 37 C, observations for visible turbidity being made daily. Lactate controls were included with each day's tests. Usually no visible growth occurred in any of the media other than the controls, although sparse growth occurred once in the ammonium acetate, once in the sodium tartrate, and once in the sodium citrate media. There were still viable organisms present in all media at the end of 1 week, however, as shown by streak plates.
It is recognized, of course, that the inability of these salts to substitute for lactate in the synthetic medium used is no final measure of whether they are utilized by K. pneumoniae under other circumstances. This is shown in at least the case of sodium pyruvate, which when added in a concentration of 0.2 M to 0.75 per cent tryptone broth is fermented by K. pneumoniae with a consequent pH drop in 24 hours. Such acid formation with the other salts did not occur, and, hence, other types of tests for their utilization are necessary. These have not yet been performed.
On the basis of the behavior of streptomycin in the presence of phosphates and a number of other ions, it must be concluded that no good correlation is found between the precipitation of DNA and the prevention of bacterial growth. To test this even further still another approach was attempted.
Action of DNase on DNA-streptomycin precipitates. Aqueous solutions of DNA have a high viscosity, which is readily reduced by desoxyribonuclease (DNase) (McCarty, 1946) . Cohen (1946 Cohen ( , 1947 (Tulasne and Vendrely, 1947) , as well as with the same strain of K. pneumoniae as has been used throughout these studies (Rake and Hamre, to be published). Hence, tests were set up to determine the M.I.C. of streptomycin in the presence of an excess of DNase.2 For this purpose 0.75 per cent tryptone broth containing 0.003 M MgC12 was used to ensure the presence of adequate amounts of Mg++ to activate the enxyme. The DNase concentration of the broth was then brought to 0.5 pg per ml, the broth was inoculated with K. pneumoniae, and streptomycin titrations were run as usual. No significant differences were found i -precipitate present but lighter than controls.
f. tr.-very faint trace of precipitate.
--no precipitate visible.
in the M.I.C.'s of streptomycin A between broths conaining DNase or lacking it, the former being 0.27 pg per ml and the latter 0.26 ,g per ml. Not even at 10 times this concentration of DNase (i.e., at 5 pxg per ml) were there significant differences. Thus, as in the case of the behavior of streptomycin in the presence of salts, its behavior in the presence of DNase does not confirm the theory that this antibiotic acts by precipitating the DNA in the living cell. Other observations also make this theory improbable. It must be pointed out that T2-F bacteriophage is not a good example from which to draw conclusions. DNA is not always present as a constituent of this bacteriophage, its presence or absence depending entirely upon cultural conditions; also it can be removed by DNase without interfering with phage activity; and yet streptomycin does inactivate the bacteriophage. Furthermore, as has been pointed out by Hamre and Rake (1947) , streptomycin has no activity on one group of agents-the Chlamydozoaceae (lymphogranulomapsittacosis group)-members of which are known to be particularly rich in DNA.
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SUMMARY
Quantitative studies of the effects of various ions on the action of streptomycin on bacterial growth as well as on its ability to precipitate desoxyribonucleic acid have been conducted. Sodium, lithium, and potassium ions have little effect on the ability of streptomycin to inhibit bacterial growth.
Ammonium ion presents a puzzling problem since as an acetate it appears to have no effect on the growth-inhibiting action of streptomycin, whereas as a chloride its action is greater than can be accounted for by the action of the chloride ion alone.
Of the six cations studied, magnesium and calcium caused the greatest interference with streptomycin activity.
Among the anions studied, acetate and pyruvate caused little if any interference, whereas in increasing order the following were active in interfering with the prevention of growth by streptomycin: nitrate, chloride, lactate, phosphate, tartrate, citrate, and sulfate.
If both the cation and anion of a given salt show this interference, their effects may be additive, as is exemplified by magnesium sulfate.
Various salts also interfere with the precipitation of desoxyribonucleic acid by streptomycin, but the order of activity of the salts is different from that in the interference with the growth-inhibiting action of streptomycin. This and also studies with the enzyme desoxyribonuclease lead to the conclusion that the ability of streptomycin to precipitate desoxyribonucleic acid has little to do with the antibacterial action of this antibiotic.
